Appl. No. 10/678,946 PATENT 

Amdt. dated November 12, 2008 

Amendment imder 37 CFR 1.116 Expedited Procedure 

Examining Group 1637 

Amendments to the Claims; 

This listing of claims will replace all prior versions, and listings, of claims in the application: 

Listing of Claims: 

1 . (Withdrawn) A microfluidic device comprising: 
a first microfluidic chamber; 

a first microfluidic channel configured to deliver a sample containing at least one 
of a virus, a bacterium, and a cell to the first microfluidic chamber; and 

a second microfluidic flow channel configured to deliver a lysis chemical to the 
first microfluidic chamber. 

2. (Withdrawn) The microfluidic device of claim 1 wherein the first microfluidic 
chamber comprises a rotary mixing structure. 

3. (Withdrawn) The microfluidic device of claim 1 wherein the first microfluidic 
chamber is in selective fluid communication with the second microfluidic flow channel through a 
deflectable membrane. 

4. (Withdrawn) The microfluidic device of claim 1 wherein: 

the first microfluidic chamber comprises a plurality of first microfluidic 

chambers; and 

the first microfluidic chaimel is in common fluid communication with the 
plurality of first microfluidic chambers. 

5. (Withdrawn) The microfluidic device of claim 4 wherein the plurality of first 
microfluidic chambers comprise segments of the first microfluidic channel. 
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6. (Withdrawn) The microfluidic device of claim 4 further comprising a control 
structure in common operative communication with the plurality of first microfluidic chambers 
to define a parallel microfluidic lysing structure. 



7. (Withdrawn) The microfiuidic device of claim 1 fiirther comprising a second 
microfiuidic chamber in selective fiuid communication with the first microfluidic chamber, the 
second microfluidic chamber containing a nucleic acid puriflcation medium. 

8. (Withdrawn) The microfluidic device of claim 7 wherein the nucleic acid 
purification medium comprises a coated bead exhibiting affinity to particular nucleic acids. 

9. (Withdrawn) The microfluidic device of claim 7 wherein the second 
microfluidic chamber is defined by a junction of the first microfluidic channel and a third 
microfluidic channel. 



10. (Withdrawn) The microfluidic device of claim 9 wherein: 

the first microfluidic channel comprises a plurality of flrst microfluidic channels; 

and 

the second microfluidic chamber comprises a plurality of second microfluidic 
chambers deflned by junctions between the plurality of flrst microfluidic channels and the 
second microfluidic channel. 



11. (Withdrawn) The microfluidic device of claim 10 fiirther comprising a 
control line in common operative communication to selectively permit fluid communication 
between the plurality of flrst microfluidic chambers and the plurality of second microfluidic 
chambers, defining a parallel nucleic acid purification structure. 
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12. (Withdrawn) The micro fluidic device of claim 7 further comprising a first 
integrated microfluidic structure in fluid communication with the second microfluidic chamber 
and configured to amplify purified nucleic acid received therefrom. 

13. (Withdrawn) The microfluidic device of claim 12 wherein the first integrated 
microfluidic structure comprises a rotary mixing structure having segments in thermal 
communication with heating elements. 

14. (Withdrawn) The microfluidic device of claim 12 wherein the first integrated 
microfluidic structure comprises an addressable matrix of isolatable rotary mixing structures. 

15. (Withdrawn) The microfluidic device of claim 7 further comprising an 
integrated microfluidic structure in fluid communication with the second microfluidic chamber 
and configured to expose purified nucleic acid received therefrom to a host vector in the 
presence of Ugation enzymes. 

16. (Withdrawn) The microfluidic device of claim 15 wherein the first integrated 
microfluidic structure comprises a rotary mixing structure. 

17. (Withdrawn) The microfluidic device of claim 16 wherein: 

the first microfluidic channel comprises a plurality of first microfluidic channels; 

the second microfluidic chamber comprises a plurality of second microfluidic 
chambers defined by junctions between the plurality of first microfluidic channels and the 
second microfluidic channel; and 

the first integrated microfiuidic structure comprises a first set of rotary mixers in 
selective parallel fiuid communication with respective of the plurality of second chambers. 
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18. (Withdrawn) The microfluidic device of claim 17 further comprising a 
control line in common operative communication with the set of rotary mixers to define a 
parallel nucleic acid ligation structure. 

19. (Withdrawn) The microfluidic device of claim 15 further comprising a 
second integrated microfluidic structure in fluid communication with the first integrated 

microfluidic structure and configured to expose purified nucleic acid ligated within a host vector, 
to a cell for transformation and expression of the purified nucleic acid. 

20. (Withdrawn) The microfluidic device of claim 19 wherein the second 
integrated microfluidic structure comprises a second rotary mixing structure. 

21 . (Withdrawn) The microfluidic device of claim 20 wherein: 

the first microfluidic channel comprises a plurality of first microfluidic channels; 

the second microfluidic chamber comprises a plurality of second microfluidic 
chambers deflned by junctions between the plurality of flrst microfluidic channels and the 
second microfluidic channel; 

the first integrated microfluidic structure comprises a first set of rotary mixers in 
selective parallel fluid communication with respective of the plurality of second chambers; and 

the second integrated microfluidic structure comprises a second set of rotary 
mixers in selective parallel fluid communication with respective of the first set of rotary mixers. 

22. (Withdrawn) The microfluidic device of claim 21 fiirther comprising a 
contiol line in common operative communication with the second set of rotary mixers to define a 
parallel nucleic acid tiansformation structure. 

23. (Withdrawn) A method ofpurifying nucleic acid comprising: 
providing a sample comprising at least one of bacteria, viruses, and cells; 
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physically isolating a subset of at least one of bacteria, viruses, and cells within a 
microfluidic chamber; 

lysing the at least one of the bacteria, viruses, and cells within the microfluidic 

chamber; 

flowing nucleic acid from the at least one of the lysed bacteria, viruses, and cells 
through a second microfluidic chamber containing a nucleic acid purification medium. 

24. (Withdrawn) The method of claim 23 further comprising diluting the sample 
prior to the isolation step. 

25. (Withdrawn) The method of claim 23 wherein the isolation step comprises 
creating segments within an elongated flow channel and thereby containing bacteria, viruses, or 
cells therein. 

26. (Withdrawn) The method of claim 23 further comprising sorting the 
environmental sample prior to the isolation step. 

27. (Withdrawn) The method of claim 23 further comprising eluting purified 
nucleic acid from the nucleic acid purification medium comprising nucleic acid affinity beads. 

28. (Withdrawn) The method of claim 23 wherein mRNA is eluted from the 
nucleic acid purification medium. 

29. (Withdrawn) The method of claim 28 further comprising exposing the 
purified mRNA to reverse franscriptase to convert the purified mRNA into cDNA. 

30. (Withdrawn) The method of claim 29 further comprising constructing a 

cDNA library. 
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3 1 . (Withdrawn) The method of claim 28 further comprising performing gene 
expression analysis. 



32. (Withdrawn) The method of claim 31 wherein the gene expression analysis 
is performed utilizing a microarray chip. 

33. (Withdrawn) The method of claim 23 further comprising exposing a purified 
nucleic acid to a host vector and a ligation enzyme within a second microfluidic chamber to 
ligate the purified nucleic acid within the host vector. 



34. (Withdrawn) The method of claim 33 further comprising amphfying the 
purified nucleic acid within a third microfluidic chamber prior to exposing the purified nucleic 
acid to the host vector. 



35. (Withdrawn) The method of claim 34 wherein the purified nucleic acid is 
exposed to a host vector and a ligation enzyme by circulation within a microfluidic rotary mixing 
structure. 



36. (Withdrawn) The method of claim 33 fiirther comprising: 

exposing the host vector containing the ligated and purifled nucleic acid to a cell 
within a third microfluidic chamber; and 

transforming the cell with the host vector. 

37. (Withdrawn) The method of claim 36 wherein the host vector is exposed to 
the cell by circulation within a microfluidic rotary mixing structure. 
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38. (Withdrawn) The method of claim 37 wherein a microfluidic chip containing 
the first, second, and third microfluidic chambers is exposed to a heat shock to transform the cell. 



39. (Withdrawn) The method of claim 36 fiirther comprising culturing the 
transformed cell to express the purified nucleic acid. 

40. (Withdrawn) The method of claim 36 further comprising performing the 
isolation, lysis, and flowing steps in parallel upon a plurality of viruses, bacteria, or cells. 

41 . (Withdrawn) The method of claim 40 further comprising performing the 
ligation and transformation steps in parallel upon the plurality of viruses, bacteria, or cells. 

42. (Withdrawn) The method of claim 41 fiirther comprising constructing one of 
a gDNA library and a cDNA library from the purified nucleic acid. 



43. (Withdrawn) The method of claim 42 fiirther comprising identifying the 
morphotype, ribotype, and genotype of a single cell type collected from an environmental 
sample. 



44. (Withdrawn) A method of microfluidic processing comprising: 
providing a sample in parallel to a plurality of microfluidic structures; 
controlling processing of the sample by the plurality of microfluidic structures by 

manipulation of a single confrol structure in common communication with the plurality of 

microfluidic structures. 



45. (Withdrawn) The method of claim 44 wherein: 

the sample is processed in sequence by stages of parallel microfluidic structures; 
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processing of the sample by each stage is controlled by a separate control 
structure in common communication with each of the parallel microfluidic structures within a 
stage. 

46. (Withdrawn) The method of claim 45 wherein the processing stages 
comprise an isolation stage, a lysis stage, a nucleic acid purification stage, a purified nucleic acid 
ligation stage, and a cell transformation stage. 

47. (Withdrawn) The method of claim 46 wherein at least one of the lysis stage, 
the purified nucleic acid ligation stage, and the cell transformation stage comprise parallel rotary 
mixing structures having circulation controlled by common sets of control structures. 

48. (Withdrawn) A method of analyzing a sample comprising: 

flowing a sample comprising at least one of viruses and cells down a microfluidic 

channel; 

isolating portions of the microfluidic channel into segments containing a limited 
number of bacteria, viruses, or cells; 

performing at least one of genetic analysis, biochemical analysis, and cloning of 
genomic DNA or cDNA on the limited number of bacteria, viruses, or cells. 

49. (Withdrawn) The method of claim 48 wherein isolating comprises causing 
deflection of a valve into the microfluidic channel to define adjacent segments. 

50. (Withdrawn) The method of claim 49 wherein the deflecting the valve 
comprises deflecting a membrane defined between the microfluidic channel and an adjacent 
control channel. 
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5 1 . (Withdrawn) The method of claim 48 wherein isolating comprises isolating 
less than fifly bacteria, cells, or viruses within a segment. 



52. (Withdrawn) The method of claim 49 wherein performing comprises: 
lysing the contents of the segment to expose material present within the cell or 

virus; and 

purifying the exposed contents of the segment. 



53. (Withdrawn) The method of claim 52 wherein the purified contents comprise 
nucleic acid, the method further comprising incorporating the purified nucleic acid into a cell for 
expression. 



54. (Withdrawn) The method of claim 53 fiirther comprising ampHfying the 
purified nucleic acid prior to incorporation into the cell for expression. 

55. (Withdrawn) A method of processing nucleic acid comprising: 
providing a sample comprising multiple biological entities; 

physically isolating an individual biological entity or a subset of the biological 

entities within a microfluidic chamber; 

lysing the individual biological entity or the subset of biological entities; and 
obtaining experimentally manipulatable nucleic acid preparations fi-om the 

individual biological entity or the subset of biological entities. 



56. (Withdrawn) The method of claim 55 wherein obtaining comprises purifying 
a mixture resulting from lysis of the individual biological entity or the subset of biological 
entities. 
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57. (Withdrawn) The method of claim 56 wherein purification is accomplished 
by flowing the mixture past an affinity bead, and then eluting the purified nucleic acid fi-om the 
affinity bead. 

58. (Withdrawn) The method of claim 55 wherein physical isolation is 
accomplished by flowing the sample through a microfluidic channel, and then transforming the 
microfluidic channel into isolated segments. 

59. (Withdrawn) The method of claim 55 further comprising amphfying a 
portion of the nucleic acid. 

60. (Withdrawn) The method of claim 55 further comprising purifying the 
nucleic acid preparation, and amplifying a portion of the purified nucleic acid. 

61 . (Withdrawn) The method of claim 60 wherein substantially the entire 
purified nucleic acid is amplified to create a library. 

62. (Withdrawn) The method of claim 60 wherein an individual gene or gene 
fragment of the purified nucleic acid is amplified by a specific primer set. 

63. (Withdrawn) The method of claim 62 wherein the gene or gene fragment of 
the purified nucleic acid is amplified by reverse transcriptase polymerase chain reaction (RT- 
PCR) to amplify only an expressed gene or gene fragment. 

64. (Withdrawn) The method of claim 60 further comprising analyzing the 
sequence of the amplified portion of the purified nucleic acid. 
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65. (Withdrawn) The rnethod of clairn 60 further comprising transforming an 
organism with the amphfied portion of the purified nucleic acid. 

66. (Withdrawn) The method of claim 65 further comprising culturing the 
transformed organism to express the amplified portion of the purified nucleic acid. 

67. (Previously Presented) A method of obtaining nucleic acid fi-om a sample of 
heterogeneous biological elements, the method comprising: 

(a) providing a sample comprising heterogeneous biological elements; 

(b) physically isolating an individual biological element or a subset of the 
biological elements of the sample within a microfluidic flow channel wherein the isolation step 
comprises allowing the individual biological element or the subset of the biological elements to 
flow past a first valve of the microfluidic device, creating a segment within the flow channel by 
actuating the first valve and a second valve of the microfluidic device, and preventing the 
individual biological element or the subset of the biological elements from exiting the segment 
past the first valve or the second valve; 

(c) lysing the individual biological element or the subset of biological 

elements; and 

(d) amplifying at least a portion of the purified nucleic acid, 
wherein steps b, c, and d are performed in a microfluidic device. 

68. (Original) The method of claim 67 wherein substantially the entire purified 
nucleic acid is amplified to allow reproduction of the individual biological element or subset of 
biological elements. 

69. (Original) The method of claim 67 wherein only a portion of the entire 
purified nucleic acid is amplified to allow reproduction of a gene or gene fragment associated 
with the individual biological element or subset of biological elements. 
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70. (Previously Presented) A method of characterizing phylogenetic, gene, and 
functional diversity exhibited by a specific environment comprising a plurality of biological 
elements, the method comprising: 

(a) providing a sample from the environment comprising heterogeneous 
biological elements; 

(b) physically isolating within a microfluidic flow channel, an individual 
biological element or a subset of the biological elements of the sample wherein the isolation step 
comprises allowing the individual biological element or the subset of the biological elements to 
flow past a first valve of the microfluidic device, creating a segment within the flow channel by 
actuating the first valve and a second valve of the microfluidic device, and preventing the 
individual biological element or the subset of the biological elements from exiting the segment 
past the first valve or the second valve; 

(c) lysing the individual biological element or the subset of biological 
elements to expose nucleic acid present therein; 

(d) amplifying at least a portion of the purified nucleic acid; and 

(e) identifying at least one of phylogenetic, gene, and functional diversity of 
the amplified portion of the purified nucleic acid, 

wherein steps b, c, and d are performed in a microfluidic device. 

7 1 . (Original) The method of claim 70 wherein genetic diversity is identified by 
sequence analysis. 

72. (Original) The method of claim 70 further comprising: 

observing morphology of the individual biological element or subset of biological 
elements prior to lysis; and 

correlating the genetic diversity with the observed morphology. 
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73. (Previously Presented) A method of obtaining genetic information regarding 
an individual biological element of a complex environmental sample, the method comprising: 

(a) providing an environmental sample comprising heterogeneous biological 

elements; 

(b) physically isolating within a microfluidic flow channel, an individual 
biological element or a subset of the biological elements of the sample wherein the isolation step 
comprises allowing the individual biological element or the subset of the biological elements to 
flow past a first valve of the microfluidic device, creating a segment within the flow channel by 
actuating the first valve and a second valve of the microfluidic device, and preventing the 
individual biological element or the subset of the biological elements from exiting the segment 
past the first valve or the second valve; 

(c) lysing the individual biological element or the subset of biological 
elements to expose nucleic acid present therein; 

(d) amplifying at least a portion of the purified nucleic acid; and 

(e) identifying genetic information represented by the amplified and purified 

nucleic acid 

wherein steps b, c, and d are performed in a microfluidic device. 

74. (Cancelled). 

75. (Original) The method of claim 73 fixrther comprising: 

transforming a cell with the amplified portion of the purified nucleic acid ligated 
into an appropriate vector; and 

culturing the transformed cell to clone the amplified sequence. 

76. (Previously Presented) The method according to claim 67 wherein lysing is 
performed by a lysing chemical introduced through a cross-flow injector structure, wherein the 
cross-flow injector structure comprises the intersection of a first microfluidic flow channel and a 
second microfluidic flow channel. 
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77. (Previously Presented) The method according to claim 67 wherein the 
individual biological element or the subset of biological elements is isolated within the 
microfluidic chaimel through the activation of a deflectable membrane. 



78. (Previously Presented) The method according to claim 67 wherein the 
deflectable membrane is activated by a control line. 

79. (Previously Presented) The method according to claim 67 wherein lysing is 
performed in a rotary mixer of the microfluidic device. 

80. (Previously Presented) The method according to claim 70 wherein lysing is 
performed by a lysing chemical introduced through a cross-flow injector structure, wherein the 
cross-flow injector structure comprises the intersection of a first microfluidic flow chaimel and a 
second microfluidic flow channel. 



8 1 . (Previously Presented) The method according to claim 70 wherein the 
individual biological element or the subset of biological elements is isolated within the 
microfluidic chaimel through the activation of a deflectable membrane. 



82. (Previously Presented) The method according to claim 70 wherein the 
deflectable membrane is activated by a control line. 



83. (Previously Presented) The method according to claim 70 wherein lysing is 
performed in a rotary mixer of the microfluidic device. 



84. (Previously Presented) The method according to claim 73 wherein lysing is 
performed by a lysing chemical introduced through a cross-flow injector structure, wherein the 
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cross-flow injector structure comprises the intersection of a first microfluidic flow channel and a 
second microfluidic flow channel. 



85. (Previously Presented) The method according to claim 73 wherein the 
individual biological element or the subset of biological elements is isolated within the 
microfluidic channel through the activation of a deflectable membrane. 



86. (Previously Presented) The method according to claim 73 wherein the 
deflectable membrane is activated by a control line. 



87. (Previously Presented) The method according to claim 73 wherein lysing is 
performed in a rotary mixer of the microfluidic device. 



Page 16 of 23 



